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Circulatory Motions in the TIonospheric 
Atmosphere and their Relation to the 
S Field of the Terrestrial Magnetism. I 


By Sadami MATSUSHITA 
Geophysical Institute, Kyoto University 


1. Shifting of Ionic Clouds of the Sporadic-E Region 


It was obtained frequently from the research for variations of the sporadic-E 
(Es) region ionization at Wakkanai, Fukaura, Shibata, Kokubunji and Yamagawa in 
Japan (see Fig. 1), that some ionic clouds of the Es move southward (1) as illustrated 
In the left part of Fig. 2. And, in 
some cases, the clouds move northward 
(1) as shown in the right part of 
Fig. 2, though they are fewer than 
the case of the southward shifting. 
As four observatories except Yamaga- 
‘wa are situated on almost the same 
meridian, these southward and north- 
ward shifting of clouds are conspicuous. 
However, there may be some cases 
where eastward and westward shifting 


ar of clouds occur, and this will 
be discussed in the near future, © 
comparing variations of the Es 
for Yamagawa and the other 
stations. 

The apparent velocity of 
the shifting is about 870 Km./h. 
in the mean of all cases (1). 
And the shifting occurs more 
J frequently in summer than in 
i c : ; other seasons (see Fig. 3), be- 
: . ; ? < cause the Es region ionization 
is most intense In summer. 
The southward shifting occurs 
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at day and night, but it does not occur at dawn and at dusk of the day. Frequent 
occurrence-time is 07 - 13 hrs. and 19-01 hrs, These relations are shown in the upper 
part of Fig. 3. Though the northward shifting does not occur so frequently as the 
southward shifting, the time for its occurrence is 13-19 hrs,, and in fewer cases 
01-07 hrs., as illustrated in the lower part of Fig. 3. 
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In addition, it is obtained that simultaneous variations (1) of the Es region 
ionization in every observatory occur intensely (see Fig. 4). It seems that such occurs 


during the storm time of the terrestrial magnetism. 


2. Relation between the Shifting of the Sporadic-E and the 
Type of the Daily Variation of the Terrestrial Magnetism 


Research of the relation between the abovementioned shifting at the five ob- 
servatories and the geomagnetic variations at Aso and especially Kakioka (see Fig. 1) was 


conducted. 

The geomagnetic variation at a station, 
Here the southward shifting of the Es occurs in 
the forenoon of 07 to 13 hrs., tends to correspond 
to the P type (2) of the terrestrial magnetism. 
In the afternoon (138-19 hrs.) of such a day, the 
northward shifting seems to occur, and at night of 
19 to 01 hrs. (sometimes to 03 hrs.) the southward 
shifting again (see Fig. 5 and Fig. 6, A). 

Though the daily variation of the terrestrial 
magnetism in the day time is quiet and is classi- 
fiable as the P type, on such a night when intense 
and sharp decrease of the value of the horizontal 
component of the terrestrial magnetism from 18 to 
20 hrs. is conspicuous, the southward shifting at 
night occurs distinctly almost always, and the above- 
mentioned relation between the shifting and the 
type is more distinct in this case than in the above- 
mentioned case (see Fig. 7 and Fig. 6, B). Examples 
for these two cases are many, because the P type 
oceurs frequently in summer, at which season the 
Es region jonization js intense and accordingly the 

shifting is distinct. 
(tee Te ees We Se eae of the horizontal denionent 
may be suggestive to sperrtaa Sp (solar daily 
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_ Fig. 6 Frequencies (in percentages) of 


occurrence of the southward shifting 
(downward) and the northward shift- 
ing (upward) of the Es, in the case 
of the P type of the daily variation 
of the terrestrial magnetism during 
June 1949. They are classified in 
four time-groups and in A and B;_ 
A is derived from the case of the P 
type resemble to Fig. 5 and B is’ 
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it is supposed that the direction of the shifting for each time of the day seems to be 
reverse to that in the case of the P type, though such an example is difficult. to find, 
because the Es is not intense in the season that the E type occurs frequently in Japan. 
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report) is assumed, the direction of the wind estimated in the Es region seems to be 
reverse to that of the layer for Sg, though perhaps it is proper for Sp. Accordingly, 
if the layer for Sq is situated in the lower layer than the Es region — for example, 
the D layer or the lower part of the 
E layer —, one of the possible esti- 
mations for the motion, in order to 
explain the abovementioned relations, 
is circulatory motions between this low- 
er layer and the neighbouring layer 
of the Es region (inclusive of the F 
layer), as illustrated in Fig. 6 in the 
second report. The upper layer of 
the circulatory motions has relation to 
Sp and the lower layer has relation 
to Sq. These estimations will be dis- 
cussed further in the second report. 
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Summary 
Northward and southward shif- 
ting of ionic clouds of the sporadic-E 
region is discussed from a statistical re- 14 
search for the sporadic-E region ioniza- 


tion at five observatories in Japan, <f 12 
and relations between the direction te 10 
of the shifting and the type of the @ 
daily variation of the terrestrial ma- < 8} 
gnetism are obtained. 6 
All these results are suggestive 

to an assumption of circulatory mo-— 4 
tions in the ionospheric atmosphere as , 
a cause of Sq and Sp. i= 


In conclusion, it is a deep 
pleasure for the writer to express his — 
sincere thanks to Prof. Dr. M. Hase-_ 
gawa and ‘'T. Nagata for their 


Circulatory Motions in the Tonospheric 
Atmosphere and their Relation to the S 
Field of the Terrestrial Magnetism. II 


By Sadami MATSUSHITA 
Geophysical Institute, Kyoto University 


ABSTRACT 


From a statistical research on virtual heights of the ionosphere 
for various locations, circulatory motions in the ionospheric atmosphere 
are assumed. © 

It is suggested by the dynamo theory from the assumption 
that the lower layer of the circulatory motions may produce Sq and 
the upper layer may produce Sp. 


} i. Meridional Distribution of the Height of the Tonosphere for 
the Daily Mean (A Suggestion for a General Circulation) 


From ionospheric data ob- 
tained from various locations 
(Fig. 1), a research on meri- 
dional distribution of the vir- 
tual height of the ionosphere 
for the daily mean was conduc- | (. 
ted for the months of March | 
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(1) similar to that in the lower atmosphere may be expected from the abovementioned 
form of distribution by the assumption that the direction of the wind in a layer lower 
than the E layer (for example, the D layer or the lower part of the E layer) is 
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the terrestrial magnetism, but may have some relation to the main field of it. 


2 Diurnal Variation of the Height of the F2 Layer (4 Suggestion 
for Circulatory Motions) 


The phase in hours, at which maximum of the diurnal variation of the 
virtual height of the F2 layer occurs, has some difference between low and high 
latitudes and also between equinox and solstice, as shown in Fig. 3. — 
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" Fig. 3. The phase in hours, at which niaximum of the diur- 
nal yariation of the virtual height of the Pe layer occurs 
Abscissa: Geographical latitudes _ 
Ordinate: Local time 
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E layer) has such a phase difference of 180°, as compared to that of the E and F 
layers, as in the assumption for the general circulation in the foregomg paragraph, 
then the variation seems to depend mainly on circulatory motions caused by the 
effect of the thermal expansion. And these circulatory motions for the diurnal 
variation might be overlapped on the general circulation. 

pare mesa eo Fig. 5 indicates the meridional 
wail . distribution for the deviation of the 
diurnal variation of the Fa layer 
at 11 hrs. of the local time in March 
1947. The distribution is shown 
in the figure by the form of P{ or 
P!1—P? or P}—2Pi of Schmidt’s 
spherical functions, and it may be 
assumed to be the isobar respectively. 
The lower layer, accordingly, from 


50 


a} the assumption of the abovemen- 
Sig60 208 80: 5-20 0 520 4 40, 600 ON ined circulatory motions, may have 
Fig. 4 Meridional distribution of the amplitude: of the same form of the isobar, though 

the diurnal variation of the virtual height of . z 
the Fa layer in Mar. 1947 the phase is reverse. 


curve: 26+33 P? Km. 


3. A Suggestion for Sq by the Assumption of the _ | 

Circulatory Motions 

From both the abovementioned items and the relations mentioned in the first 

report, the circulatory motions of the diurnal variation in the ionospheric atmosphere 
may be expressed diagramatically as in Fig. 6. ae iat it will be calculated ee the 
dynamo theory (2), that the lower kM. = 
layer in the figure may produce Sq, St 
in spite of few electric conductivity } 
Ss Res wind ae ee: Br wee is is 
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June in the north hemisphere has a 
maximum at about 11 hrs. as in right 
of Fig. 3. Hence, there is a source of 
the air-flow in the middle latitudes of &-D ? 
the layer at this time. Accordingly, the EQUATOR (Gere aay ot 
velocity potential is respectively 


Fig. 6 Diagram of the circulatory motions at 
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St 1 1 sin (t + 105°) the day time. There is a descending cur- 
or 2.56 x 10% (P} —P?)sin (t+ 105°) rent at ihe district of the center of the 
9 Fe on 4 . electric current-vortex for Sq. The direction 
or 1.28 x 10 (Pj —2P4)sin (t+ 105°). of the air-flow is reverse at night. Tonic 
The upper part of Fig. 7 indicates the clouds of the Es flow in the upper layer 
. aos : : as mentioned in the first report. 
air-velocities for these velocity potentials. 
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(1.538P2 + 1.82P1)x 10°K sin (t+ 105°) 

or (0.76P! + 0.20P1 —0.92P3) x 10”K sin (t+ 105°) 

or (0.38P —0.25P1—0,92P 3) x 10°K sin (t+ 105). 

If the total electric current for this current function is of order 62,000 amp., such 


value of K is respectively 


6.635410 é. mm. U. 
or ‘ bo x 107° 2 en, Ble 
or 6.0 x 10~° GMT. Us; 


and the electric current is represented in the lower part of Fig. 7. 

The ‘general feature of the current, in the right of the figure, resembles 
that obtained from the geomagnetic data (2) (3). But, in this case, the electric 
conductivity is calculated with the conception for only one current-seat, and so it 
will be necessary to consider the effect of the reverse electric current in the upper 
layer. If the electric conductivity of the layer for Sq is of order 10~ e. m. u., 
assuming the wind velocity in middle latitudes of the layer is about 100 ™/s and 
the electric conductivity of the Fe layer is of order 10 e. m. u. (4), it will 
be sufficient to produce Sq in the lower layer, under the conception of the effect of 
two current-seats, 

Thus, the relation between the shifting of ionic clouds of the Es and the 
type of the daily variation of the terreStrial magnetism mentioned in the first re- 
port may be explained,*when it is assumed that ionie clouds of the Es flow by the 
air current of the upper layer of the circulatory motions. 


4, A Suggestion for Sp by the Assumption of the Circulatory Motions 


The upper layer of the circulatory motions is suggestive to produce Sp, 
though Sq depends on the lower layer. And the shifting of ionic clouds of the Es 
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at the peculiar P type and ae storm time in the first report means also a Pee . 


lity of this estimation. “ 

eo This can be sassbascet _Aymmnotteoretialy for the B atd 1 _ Payer as ol i 
Namely, dividing the layer into five regions i 
th auroral : A354 ancl a interzonal 2 


by charged particles from the sun) occurs at 18 hrs. of the local time in spite of 
11 hrs. The Southward shifting at night of the peculiar P type is suggestive 
to the assumption. 

Though the value of the electric conductivity K and the magnitude of the 
velocity for the Fe layer differ to those of the E layer, the product of K and velo- 
city will be nearly equal for the two layers. Hence, when the magnitude of pro- 
duct of K and the velocity potential is 

11.1x 10 (Pi1—2P?) sin (t+ 285°), 

for both the E and the F, 
layer, ee Sp surrent-aysten. Per, 
is obtained as in Fig. 8. rs 
This current-system concent- 
rates above the auroral zones, 
leaking into the polar caps 
and the middle and low la- 
titudes. 

The general feature of 


this current-system resembles 


that of Chapman’s_ estima- Fig. 8 View of the idealized overhead electric current- 


tion ( 2 \ The total elect- system (unit : 10,000 amp.) that could produce the 
. oa ah; l Sp field, from above the north pole to 40°N 
ric current in the porn re (shown for the hemicircle from 05 to 17 h. of the 


gion and the interzonal re- local time —if Chapman’s estimation for Sp is corre- 
gion is 880,000 amp. and ct, from 12 to 00 h.) 

44,000 amp. respectively ;Chapman’s estimation for it is 220,000 amp. and 50,000 
amp. respectively. : Seticee 
ee Thus, Sp will be explained, though roughly, by the assumption of the 
circulatory motions. arte ree we eeery ee 
More detailed discussion with results for the semi-diurnal variation of the 
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height of the ionosphere will be conducted in the third report. 


In conclusion, the writer wishes to express his sincere thanks to Prof. 


«Dr. M. Hasegawa and Dr. T, Nagata for their many helpful suggestions and encou- 
ragement during the course of the research. 2 Sassy ae vee a 
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On the Disturbance of the Atmospheric 
Potential Gradient caused by the 
Smoke-cloud of the Volcano 
Yake-yama. 


By H. HATAKEYAMA | 


Meteorological Research Institute, Tokyo. 


ABSTRACT 


The disturbance of the atmospheric potential gradient caused 
by the cloud of the eruption smoke of the Volcano Yake-yama, 
Niigata-prefecture, was recorded at the Kakioka Magnetic Observy- 
atory on Feb. 5th, 1949. 

The disturbance is negative and its extreme value is less than 
-1200 volts per meter. The distribution of the negative gs in 
oe EES pin is discussed. 
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The Volcano BRS Stree erupted at Bh 3 in the morning 
of Feb. 5th, 1949. The cloud of the eruption-smoke was carried away by the west- 
north-westerly monsoon to the Kashima-nada and the voleanie ashes fell on the 
northern part of Kanto district. The Benndorf’s electrometer of the ‘Kakioka Mag- Fe 
netic ea oe the ee ee of th ential — 
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gradient caused by the cloud of smoke of the Volcano Yake-yama. The height of 
the cloud was estimated at about 4. km, using the results of radio-sonde observations 
at Tokyo and Tateno. The distribution of electric charge in the cloud was estimat- 
ed from the disturbance of the potential gradient and the height of the cloud. 

The pressure distribution on this day was typical high pressure in the west 
and low pressure in the east type and the sky was clear all over the Kantd-plain. 
But it was overcast or snowy over the Japan Sea side of Honshi. The eruption 
cf Yake-yama was confirmed on Feb. 7th after clearing up of clouds. In Fig. 1. 
the places where the falling of the volcanic ashes was reported are shown with 
black circle, and the outline of an area where the ashes fell is shown with full line. 
The direction of the main axis of the area of ash-fall is 290°. The speed of the 
flowing of cloud is estimated at 20.8m per sec. (74.7 km per hour) by using the 
time of the beginning of ash-fall at Kakioka. 

The results of upper air observations at Honjo, which began at 11h 29m, 
shown in Table 1. Viewing this table, we find at once that the height of the 


Pahipeds smoke-cloud, from which the ashes fell, must be 

Wind weal lower than 4.5 km. Other data, that the height 

Ht Direction Velocity of the smoke-cloud is at such levels, are the results 
Lkm | 281° 14.0m/s of noon radio-sonde observations made at Tokyo 
; me zee and Tateno. We can find relatively warm air in 
4 298 26.0 the layer higher than 4 km, and the ascending of 
ae na os the smoke-cloud is trapped beneath these layers. 
: 258 35.6 On this day the Benndorf’s electrometer of 


252 38.3 


Kakioka recorded the large bay-type disturbance 
exceeding —1200 volts per meter between 11h and 12h. After 12h the value of the 
atmospheric potential gradient remains a small negative value, and after 16h it 
returned to its normal value. The values by minute of potential gradient during 
10h 40m and 12h 20m are shown with thin folded lines in Fig. 2. The continuous — 

observation of potential gradient had also been made at the Honjo pea 

| Station, but no disturbance due to the smoke-cloud | was observed. 143 

On seeing Fig. 2, we should note the following two points, (1) the distur- 

bance is negative, (2) the disturbanee is ae large as ae -1200 10 volts Phe ; 


3 meter. 
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confirm that the height of the smoke-cloud was lower than 4.5 km as described 
above. Therefor we take the height as 4 km and estimated the distribution of 
the electric charge. It is natural to consider the distribution of electric charge in 
the cloud as spindle-type. We assume a column of point charges which have the 
following electric charge respectively, 

Se sey G1 0S108 10-6109 109) 8 Tb 82, 

And the distance between the consecutive charge is assumed to be 4 km, and_ the 
speed of the smoke-cloud to be 72 km per hour. 

The distribution of the {potential gradient under such assumption is shown 
with a full line m Fig. 2. The full line closely resembles to the folded line. The 
sum of the electric charge which makes the spindle-type distribution is —0.55 coul. 
It is nearly the same order of magnitude with the case of the Voleano Asama- 
yama, in which the electric charge was — at 1.4 coul. (8) or —0.18 coul. 
(4) formerly. 

" ae 

In conclusion the author wishes to express his hearty thanks to Dr. 8. Ima- 
miti, Director of the Kakioka Magnetic Observatory, Mr. D. Sagara, Chief of the 
Tsukubasan Meteorological Observatory, Mr. K. Uchikawa, Chief of the Honjo 


_ Observatory and Mr, H. Honda for their kind oe and to Mr. M. Kawa- 


saki for his assistances. % (October 28, 1949) 
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Remanent Magnetization of ‘Pleistocene’ Deposits. * 


—— Palaeomagnetism in Japan 


By Takesi NAGATA, Kunio HITRAO and Haruo YOSHIKAWA 


Geophysical Institute, Tokyo University 


ABSTRACT 


The intensity and direction of magnetic polarization of a 
horizontal stratum of Pleistocene deposits are measured by means 
of an induction-type magnetometer. The thickness of the examined 
part of the sedimentary layer, Narita-bed, is about 7 meters, and 
its age is ranged from —4.2 x 10’ to —7.6 x 10’ years correspond- 
ing to the uppermost and deepest ce, 

Roughly speaking, the direction of the magnetic polatiza- 
tion of each part of the layer is not much different from that 
of the present geomagnetic force, though there are fairly systematic 
deviations within a few tens degrees. 

From the results of examination of statistical eee of 
the apparent direction of polarization and of the constitution of | 
remanent magnetism, it was proved that the direction of polariza- 
tion ought to agree, within the error of a few degrees, wih ae ae 
Bee force at tah time | of Sepesition of those mat 
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2. Measuring Apparatus and Samples. 
@ 

The apparatus for determining the intensity and direction of remanent 
magnetization of sedimentary rocks is, in its principle, just the same as that devi- 
sed by E, A. Johnson and A. G. MeNish [3], though a few parts have been 
improved for the sake of convenience for actual measurement and of good stability 
of measuring system. The specimen to be measured is always a 1.8 em cube, Since 
the samples of Narita-bed are rather loose, they were enclosed in a cubic cell made 
of waxed cardboard, on which the direction of the sample in situ was marked. 

In our apparatus, the sample was rotated with the speed of 25 cycles per 
second by a synchronous motor in order to eliminate the noise chiefly due to the 
commercial electrie power of 50 cycles, The gain of the low-frequency amplifier 
was kept about 90 db at its maximum around the above-mentioned frequency. 
The sensitivity of the whole system was calibrated with a standard cube of the same 
size made of “\dacite”’ before and after every series of measurements, i. e, determina- 
tion of both of intensity and direction of 10~15 samples, The direction and 
intensity of this standard magnetic sample was calibrated successively with the 
stronger magnetic needles, the strongest one of them being carefully measured by 
means of an astatic magnetometer, 

The error in determining the intensity is about 29 in mean value, not 
exceeding 59% in individual cases, while that in the direction will be less than 3°, 
where the error in determining the direction of samples in situ is also taken into 
account. = 
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3. Results Of mpceureresas) 


The direction of natural remanent Diagiorianeldl of 271 samples of the upper 
part 7 meters thick 0 of. Narita-bed is shown with declination (D) and dip Cin in 
Fig. 1, where the abscissa. shows ‘the depth of poy sample measured, from the upper 
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rection of Natural Remanent Magnetization of Narita-bed with Depth. 
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4, Characteristics of Remanent 
* Magnetism of Navrita-Bed 
Sam~ples. 


For the purpose of examining 
the characteristics of remanent magneti- 
zation of the measured samples, the vo- 
lume content of ferromagnetic minerals 
in 15 typical samples was measured by 
means of the usual volume-metry me- 
thod. The relation between the volume 
content (q) of ferro-magnetic minerals 
and the intensity of natural remanent 
magnetization (Jn) is shown in Fig. 2, 
where it can be concluded that the lat- 
ter is nearly proportional to the former. 

The largest parts of ferro-mag- 
netic minerals contained in Narita-bed 


‘are those of 0. 04~0, 08 mm in their 


mean diameter, and chiefly composed of 
magnetite, because it was proved that 


their Curie-point is about 590°C, These 
magnetite minerals are nearly the same 


in their form and size as the micro- 
crystals scattered in groundmass of ig- 
neous rocks, Since, further, these depo- 


sits of Narita-bed are believed to ori- 


ries from the ig mae rocks ssiectad i in 
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more or less reduced owing to the demagnetization effect during a long period, 
That is to say, it is presumed that the remanent magnetization of ferro-magnetic 
minerals in our case is the thermo-remanent magnetism [4] which was caused dur- 
ing cooling in geomagnetic field when they were the compositions of igneous rocks. 
At this point, Narita-bed will be fundamentally different from the varved clays of 
New England, the ferro-magnetic minerals in which were determined by J, W. 
Graham [5] to be very fine single crystals of magnetite, less than ly in diameter, 
the whole crystal being occupied by only a single magnetic domain, In the varved 
clays, therefore, the magnetization of ferro-magnetic minerals will be nothing but 
the spontaneous magnetization, On the contrary, the magnetite minerals in Narita- 
bed are too large to be composed of only a single domain. 

Now, the ratio of natural remanent magnetization (J,,) of the 15 samples 
mentioned before to their corresponding thermo-remanent magnetization (/,) ob- 
tained by cooling from 600°C in the present ge gee field is shown in Fig, 3. 
Here will be a relation that 


Jp =| pe = 2p; cos 6, 
a 


where y; and @; denote respectively the magnetic moment of each ferro-magnetic 
particle and the direction in angle of each moment measured from the resultant 
average direction, 

As will be seen in Fig. 3, Jn is nearly proportional to J,, and the ratio 
J,,/J, is almost kept constant, taking 0,12. If we take into account the demagne- 
tization effect and the difference between the old and present geomagnetic fields, the 
ratio J,/J, may somewhat differ from the true value of 2 [Mz COS 8,/ 2 Ds Ps , Since f,; 


———— 


in the deposits in situ may not gral equal to that. newly re in the 
laboratory. oe 

Since, however, the above-mentioned difference may not ate a few tana 
percent, it will be presumed that the resultant magnetic moment of the congregation 
of a large number of LORE elo ee ES in Narite-bed | is Sos 10 % of their 
total ae i. ene . 
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Then, the probability (P) that the resultant moment of random accumulation of NV 
magnetized particles exceeds @ times the moment of their total sum is given by 


P= (2a . éxp (5) dr, 


=") 
2 N wy; 


where = 


and, % =!olV f,., 


and practically P<3x10-* for a=0.10 and N= 7x 10° in the present case, 

Hence, it will be firmly concluded that the magnetic polarization of Narita- 
bed should be caused by some external magnetic force. That a mass of artificial 
deposits of the same materials in still water, 2 meters deep, has an apparent rema- 
nent magnetization coinciding with the direction of geomagnetic field was proved 
in the laboratory experiment, This agreement of the direction of remanent magne- 
tization with that of geomagnetic force was especially good in declination. Recently, 
H. Manley [6] has reported a remarkable fact that the ferro-magnetic minerals 
such as natural magnetite mixed with Plaster of Paris are orientated into the direc- 
tion of geomagnetic field, the dried mass of the mixture having the permanent 
magnetization coincidiug with the direction of geomagnetic field. Being judged 
from his result, the magnetic moment affecting ferro-magnetic particles by geomag- 
netic field seems to be sufficiently large for overcoming various resistances. ; 

Supposing now that a large number (V) of magnetized particles, having /# 
in their mean magnetic moment and initially random directions, drop through {still 
water under the effect of magnetic force (H), we can get the resultant magnetic 
moment oo ) of total deposits as 


T= 2,008 = Np os O= Np tanh (272) 


where ¢ denotes the time need for dropping of a particle through water, while 2 
shows the total viscosity of water affecting the rotation of the magnetized particle, 
Thus, so far as the pe es layer assumes the alle in still water without 


any disturbance, a= Ss cos 0 ep 23 Ss ought to be equal to tanh ee 24) this result 


showing that the hanger the magnetivad particles are kept a in wate ‘thie 
ae becomes the amount ola | Be Sands se assumes the deposit in still < 
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so far as the distribution of y, is independent from that of 0, By means of this 
relation, we can estimate the magnitude of & from the observed value of a The 
mean error of the true value of 4, which is ought to coincide with the direction 
of geomagnetic field affecting the deposition of the sedimentary layer, can be estima- 
ted in our case where the probable value of @) was evaluated as the direction of 
remanent magnetization of a mass of deposit. 

Putting V > 7000 and a> 0.10, we get the amount ef the standard error 
of G as 

k ° 
Agena oomeen a 

These results of statistical examination being summarized, it may be concluded that 
the direction of natural remanent magnetization of Narita-bed samples indicates, 
within the error of a few degrees, that of the geomagnetic field at the epoch when 
these materials were deposited, 


6. The Age of Narita-Bed and the Geomagnetic Field in 
Pleistocene Age in Japan. 


The age of three : JAP of Rartiacied layer were examined with the- aid os 
the usual U- Ra method, the contents of UI and Ra and Phe catmeted age being 
given in the following table. 


Depth from the i 
ae poor. pobecig’§ 


Age 


4.2 x 104 years 
6.0 x 104 
| 7.4% 104 


0.50 x 10-2 gr/ce 
058 x10—-¥ 
| 0.70x10-#% | 


0.47 x10—5 gr/ce 
0.41x10-5 


un pies 


declination and dip have mostly the period of 40~50 em in thickness of layer or 
1500~2000 years in time, and that the changes in declination are always larger 
than those in dip, will be also worthenough to be remarked. 

However, the examination in details of the above-mentioned changes will be 
postponed until many data of the same kind measurements for various ages as well 
as for various regions are accumulated and the comparison among’ those data becomes 
possible, : 

In conelusion, the writers wish to express their hearty thanks to Dr, T. 
Rikitake, Messrs. K. Akasi, Y. Harada, M. Kawano and T, Akimoto for their co- 
operation during the course of this study, Their cordial thanks are also due to 
Professor H, T'suya for his kind advices from geological point of view. 

. (October 26, 1949) 
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On the Character of the Micropulsation 
in the Magnetic Storm. 


By Shinkichi UTASHIRO 


Geophysical Institute, Tohoku University, Sendai 


ABSTRACT 


The author observed the micropulsation of the terrestrial magne- 
tism by the specially designed induction magnetometer at Onagawa, near 
Sendai, and studied the statistical investigation of the micropulsation 
which occured at the time of the magnetic disturbance. 

Main results are as follows: 

1) Micropulsations are accompanied by the magnetic disturbance, special- 
ly, the large amplitude of Se euheie atl oceure at the time of 
the magnetic storm. 
2) The sinusvidal regular micropulsations occur much more frequently 
in the daytime. The author considered that it occurred when the 
— corpuscles coming from the sun penetrated into the ionosphere. 
3) Though the sudden commencement occurs simultaneously ‘over the 
whole area of the earth, the-amplitude of t the oscillation of dH/dt =| 
in the hemisphere at daytime is greater than that in the hemisphere 
at night. This character is very remarkable and occurs almost with-  _ 
out exception. Also a remarkable micropulsation of dHjdt at, the ae 
sudden soon ©, frequently 00k ones cae the summer ut Sp 


> 


and ae ‘< caries ~ 


a ye 


_ Hitherto there are some investigations on the micropulsation of the earth’s mag- 
netic field, which are studied by 'T. Terada (1), H. Hatakeyama (2), S. Imamichi (3), 
M. Hirayama (4), and G. Angenheister (5). T. Terada reported the results of most 
detailed investigations on the characteristic properties of the pulsation at a point on the 
earth’s surface. H. Hatakeyama (6) also investigated several results on the character 
of the micropulsation by which the bay-disturbance was accompanied and compared the 
time of occurrence and the amplitude of the pulsation at different places. ‘They conclud- 
ed that there are two kinds of pulsations, and considered several possibilities as to the 
mechanism of each kind of pulsation. 

Now, the author observed the micropulsation by the specially designed induction 
magnetometer at Onagawa near Sendai. This instrument is shown in Fig. 1, and its 
dimension are shown in the following table. 


Permeability of Sendust p= 900 
turns of coil N=6230 
resistance of coil R=340 
self-inductance b= 284 Tee 
sensitibity (1.40 7/se¢/em 
He calculated the error of amplitude oe 
and time lag caused by the inductance of P 7j__Sendusr_bor OF 


the coil. The relation between the amplitu- 
de and the periods, and the phase difference  , 
and the periods are shown in Fig. 2. As the | 


/ 
Mt eae we ne 


period of the micropulsation observed is larger - ——— 10° : 
than 20 sec, the error of the amplitude is Fig. 1. | Induction magnetometer. 
sec ; eee 
se pre. Time lag Be (Ht) ; aa | . iy es Fe (Hr) 


he studied the statistical investigation of the micropulsation during the magnetic storm, 
and the mechanism of the magnetic storm. 
S I. Hourly frequency distribution of the micropulsation in different hours of the day. 
This problem was discussed by H. Hatakeyama (6), 8. Imamichi (7), M. Hira- 
yama (4), and T. Yoshimatsu (7). The author investigated following results from the 
data observed at Onagawa during a year. The frequency of the occurrence of sinusoidal 
regular micropulsation and irregular micropulsation in different hours of local time was 
counted, and it is shown in Fig. 3. As the figure shows, the sinusoidal regular micro- 
pulsation occtirs most frequently in the daytime. 
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Fig. 3. Hourly freqency distribution of the micropulsation in different 
hours of the day during a magnetic storm. 


These results coincide with the tendency shown by H. Hatakeyama and S. Ima- 
michi. From these results the writer considered that the sinusoidal micropulsation 
occurred due to the electric current system in ionosphere, which occurred when the 
corpuscle coming from the sun penetrated into the ionosphere. 

§ II. On the micropulsation at the time of the sudden commencement of the magnetic 
storm. 

It is well known that the magnetic storm occurs simultaneously over the whole 
area of the earth and the sudden commencement occurs nearly at the same time, and 
the amplitude of the main phase and the sudden commencement is greater in the he- 


4 : : dH 
misphere at night than in that at daytime. The author studied —7; at the sudden com- 


mencement and found the following results. 
Though the sudden commencement occurs simultaneously over the whole area of 


the earth, the type of the change of a is varied respectively, ‘when it occurred in the 
hemisphere at night or at daytime. The oscillation of sas is very remarkable at day- 
time, while that of a at night is very weak, that is, in the hemisphere at daytime, 
the amplitude of the oscillation of ae is greater than in the hemisphere at night. Fig. 4. 
shows only some examples, and the above stated character is very remarkable and occurs 


eos 
almost without exception. This fact is reverse to the statistical result obtained from 
the record of the variometer of H or D. 
dH j 
ars nls , 1erc Se i ae the see Se 
A remarkable micropulsation of dg. at (dit) Moy 19,1948 sks joret™e 
Mi NX 
sudden commencement frequently took places du- 


ring the summer and equinox. From these re- repr, WMO ene 


sults the author considered that the sudden com- 


mencement is attributed to the electric current 22” OS i ne ui 28 Hees ieee 
system in the ionosphere. Fig. 4. (1) 

§ III. The effects of the solar eclipse on the 
magnetic storm. June 7, 1949 7A 


Hitherto many investigations on the changes of 
the terrestrial magnetic field due to the solar 
eclipse were published, but only a few investiga- 
tions were performed on the effects of the cor- 
puscular eclipse to the terrestrial magnetic field. 

Concerning to this corpuscular eclipse, 
Prof. Y. Kato (9) investigated at the time of solar 
eclipse of 1936 and 1941. 

On this study, considering that if the mag- 
netic storm occurs during the solar eclipse, as 
the magnetic storm is due to charged particles 
from the sun by the solar eruption, this corpusc-g | 
le will be obstructed by the moon and then the 
amplitude of variation of the magnetic storm 
may be probable to change during the corpuscular 
eclipse, he observed the variation of the horizon- 
tal component and declination with ordinary mag- 
netometer at the time of the solar eclipse on 
1936 and 1941, 

Fortunately, magnetic storms occurred at_ 
the time of these solar eclipses, and he found 
that the form of the declination are different 
according to the places. He concluded that this 
fact is the effect due to the corpuscular eclipse Fig. 4. (3) 
of the magnetic storm and the velocity of corpuscle is 5000 Km/se. or 7000 Km [sec « 

Now, for the purpose of investigating the variation of the magnetic field due to the 
corpuscular eclipse, the author observed the variation of the magnetic micropulsation during 
the solar eclipse on May 9th, 1948, at Wakkanai, Hokkaido and @nagawa, near Sendai, 
because it is well known. that the micropulsation is accompanied by the magnetic distur- 
bance, specially, the large amplitude of micropulsation will occur accompanying to the 
magnetic storm, and the magnetic storm is due to “particles from the sun by the solar 
eruption. Fortunately, magnetic storm occurred before the solar eclipse and the author 
observed a great many micropulsation during the eclipse. These micropulsations occur- 
red nearly simultaneously at two stations and also the form of the trains of pulsation 
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was entirely coincided, but the amplitude was different only. He calculated the ratio 


of the amplitude of micropulsation of two stations and its time variation from these 


original records. 
The ratio of the amplitude ranges from 0.2 to 1.3 but its time variation illust- 


rates a systematic curve as shown in Fig. 5. As shown in Fig. 5, the mean ratio of 
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Fig. 5. Variation of the amplitude of os caused by the solar 


eclipse on May 9, 1948: 


pulsation of the earth current. 


the amplitude is 0.8 in 
sudden commencement, 1.3 
in main phase and 0.8 in 
the other sinusoidal regular 
pulsation. But the time va- 
riation from 8” to 12” on 
May 9 is different from the 
upper one, and this variation 
begins to decrease from 8” 
and returns to its normal 
value at 12%. The same 
variation occurred on the 
phase difference of the micro- 


Thus, the author considered that this variation occurred 


due to the effect of the corpuscular eclipse, and he made the theoretical consideration 


to interpret the results, 


pulsation. 


1) As the frequency of occurrence of the sinusoidal pulsation is greater in the daytime, 
he considered that the micropulsation occurred due to the electric current, that is, 


At first, he assumed the next three conditions on the sinusoidal 


it 


occurred when the corpuscle coming from the sun penetrated in the ionosphere. 
2) As the component of the observed micropulsation is only MS component, the 
current system of the NS component of the micropulsation is shown by a circular cur- 


rent system 


case, as the magnetic intensity at a point 
on the earth surface is determined almost 
by a_ part 

ionosphere above the observatory, this as- 
sumption roughly agrees with the observa- 


tion. 


3) The current intensity of the circular 
current is constant at everywhere. 

Here, he calculated the magnetic field by 
this circular current at two points under 
these assumptions. ‘The north component 
of the magnetic field by the ring current 
at @ point in Fig. 6. can be expressed 
by such a series as 
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r>U, H=2ni\ = 


as shown in Fig. 6. . In this 


of the current system in the 


2 3 a 
cos 6 —-— —(5cos*6—-3cos@) + 
ia 4 7 


= 


(63cos5d + 3500830 + 80cosf) + -- t Fig. 6 Current, system assumed as a circular 
current in ionosphere. 
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- —(4sin 6-5sin’ 0) + — fe lS #) (315 x 8sin @cos* 6- 
fo 


315 x 8 sin® @ x cos* 6+ 840 sin’ @ — 600 sin @) + Ms sin (0-¢) 


r<a, H,=2zi jcc pes ""(5eos*@-8co80) + e "(63co856 + 35c0s36 + 30cos@) + 
w 4a 8x 128 a 
cos(0-p)-2ri} sing- (4sin6—5sin’ 7) + ——— z 7 (315 x Ssindcost6—315 x 8sin*@ cos’ 
a 4a 8.x 128° @° 
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The magnetic field and its ratio at two stations was calenlated on every position 
of the current ring. where, the latitude at two points, expressed by magnetic latitude, 
at Wakkanai 35.1° N 
at Onagawa 28.3° N 
Now, if we consider that the current system of the micropulsation in the ionos- 
phere is the uniform current sheet, flowing from west to east, the amplitude of the mag-_ 
netic field by these current system at Q point on the earth surface can be expressed in 
‘the following equation 2 
ie dH R, dg, 
where, H, R, and ¢ denote respectively amplitude of pulsation, radius of the earth and 
magnetic latitude. Here, the writer considered that the sinusoidal pulsation is probably 
caused by the neutral | corpuscular stream and this corpuscular stream will be obstructed 
by the moon and then the intensity of the pulsation due to the corpuscle may be probable 


to decrease during this corpuscular eclipse. _ According to this idea, as the shadow moved — 


along the path of the neutral corpuscular eclipse calculated by 8. Osawa, as: shown ia 
7S 7; he calculated the decrease, of elngnt of the sinusoidal pulstion pes sidering 
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Comparing the observed value to the calculated ones of ratio of these magnetic 
field at two points on different time, the most probable valucs of the velocity of the 


corpuscle and the radius of the shadow 


by the moon can be determined, 


Thus, the 


Velocity of the neutral corpuscle is supposed to be 38,400 km/sec and the radius of the 


shadow to be 1,800 km. 


10 — 10° 20° 30° 40° 50° 60° 
magnetic latitude 
Fig. 8. Calculated value of p caused by shadow 


of the moon on every magnetic latitude, 
as diameter of shadow is 1,080 km. 


The calculated time variation of the 


ratio using the above values is shown in 
Fig. 9, and it roughly agrees with the 
According to this fact, 
it is established that the 
of the micropulsation on 
terrestrial magnetic field at the time of 
solar eclipse of May 9, 1948 is the effect 
of the neutral corpuscular eclipse, and the 


observed variation. 
time variation 
ratio of the 


velocity of the corpuscle is supposed to be 
34,000 km /sec. 

§ IV. On the irregular micropulsation 
occurred at the magnetic storm and the 


magnetic disturbance accompanied by ? 
it. “ 


The author studied the irrgular “4° 


micropulsation at the magnetic storm 45 
which observed during the period from 14 
Sep. 1948 to Oct. 1949. 
results obtained are as follows. pp 


The main 23 


1) The irregular micropulsation are 
accompanied by bay-type disturbance, 


and they emerges in the stage of the HS 
Local time 


development of the bay-type distur- Fig. 9. Calculated time variation of ratio p, when 
bance and not is the stage of decaying. v=8,400 km/sec, 7=1,300 km. 
2) The time difference of occurrence of irregular micropulsation and bay-type variation 
is not recognized. The probable error in the time difference is conspicuously small 
than 30 sec, 
3) The azimuth of the micropulsation is not in accord with that of the disturbing vec- 
tor of the bay-type disturbance, so the current system of irregular micropulsation accom- 
panied by bay-type disturbance is different with that of the bay-type disturbance, 
Here, at first, the author studied the bay-type disturbance. As Fig. 10 shows, we 
can easily find the regular diurnal change in the direction of the main disturbing vector, 
and it shows that the current system of the bay-type disturbance is the same as the 
current system of the bay-disturbance at the night hemisphere, and the bay-type distur- 
bance is caused by the electric current in the ionized layer leaking out of the auroral 
zone. The bay-disturbance was studied by H. Hatakeyama (10), and was calculated as 
_ dynamo action by J. Rikitake (11). But, in this case, there are no negative bay distur- 
bance in the daytime. Further the study concerning to the mechanism of the bay-type 


disturbance will be discussed in near future. 
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Fig. 10. Disturbing forces during the bay-type disturbance. 


Next, the author considered on the irregular micropulsation. The maximum 
frequency of occurrence is generally at night hemisphere. 

The irregular micropulsation is very remarkable at main phase and last phase of 
magnetic stom. The azimuth of irregular disturbance is in the north direction at first, 
then gradually turns to the north-west direction and genrally speaking the change of 
the azimuth of irregular micropulsation in the course of a day has no periods as day-_ 
disturbance, and the phase of the variation of horizontal component is generally in 3 
accord with that of the vertical component of the irregular micropulsation. So, the 
current system of irregular micropulsation is considered to be consisted of a circular — 
orbit as Fig. 6, and if 4X and 47 denote the geomagnetic north and downward com- — 
ponents respectively, a station, for which 4X- 4Z<0O, is defined to be situated on the | 
northside of the current system, while one for which 4X+4Z>>0, on the Ba beh: che ape 


In the case of irregular micropulsation, — oe ie 
AX. AZ > O, ME short euimnits “tlie at C4 

mn = pe ZS ; AX -- - 345% 40 ‘tin det fet if tf ie ys 
the current system is situated on the northside ‘of te station sists tutte’ 


On the other: pearecey of the micropulsation, author will report in nen ati 
‘The author wishes, 3 to expres his sincere eae oe Yoshio Kato for his 
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LETTERS TO EDITOR 


An Effect of Static Magnetic Field on the Point Discharge Current. 


It was experimentally found that the point discharge current in the atmos- 
phere can be controled by a static magnetic field, 

In laboratory experiment, the point discharge current flowing through a needle 
point of platinum was measured by means of a high resistance and a quadrant 
electrometer. The geomagnetic field in the space around the point was canceled by 
a Helmholtz coil, and the electric field is nurified by shielding. Then, uniform 
magnetic and electric field of any intensity were newly applied by another Helmholtz 
coil and parallel plane electrodes respectively. Here, the direction of the electric 
field was kept always parallel with that of the point needle. 

Chief results of experiment obtained are as follows: - 

1) When there is no electric field, no electric current flows through the point. 

2) The point discharge current increases with the increase in the intensity 

of applied electric field. 

3) When the electric field is kept constant, Decrease 


of Current ; 


the point discharge current decreases 5 xI0'A 


with the increase in the magnetic field. 
An example of the relation between the 
amount of decrease in discharge current ce 

and the intensity of magnetic field is Ue magnetic 


given in Fig. 1, where the direction 0 0. ,0 1S Fela 


5 \ 
of magnetic field is perpendicular to sie 
that of the needle, consequently to that of the electric field. 

4) If the point is fully covered by insulater, there occurs no discharge 
current. 

5. According as the pressure of air in the space around the needle point is 


decreased, the point discharge current decreases. 


Decrease 6) The relation of the amount of 
t . 
“igees decrease of discharge current 
Lo 


to the angle between the elec- 
tric and magnetic fields is gi- 
ven in Fig.-2.” : 
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Geophysical Institute, Tokyo University. 
(Oct. 28, 1949.) 


Seasonal Variations of the Activity of 
Sq-Field of Terrestrial Magnetism 


This short note deals with the electric current-system equivalent to the Sq- 
field of terrestrial magnetism, Electric current-density of this system may be say 
a measure of the activity of the Sq-field, and is given by the difference of magne- 
tic potentials. This potential-differences are computed by graphycal integration 
using 4X or 4Y (deviations from the mean state of magnetic north component or 
east component respectively), 

If we discuss the activity at the region near the centre of this current- 
vortex which is situated on the local 11*-meridian, it is convenient to use JX-curve 
along 11”-meridian. ‘This curve crosses zero-line at the centre of the current-vortex, 
therefore we may adopt the latitu- 
dinal gradients of magnetic north- 


af component (dX/dx) for the present 
a purpose. 
z Figure shows monthly means 
i of dX/dx at American Region 
«'9 during Aug. 1982-Dee. 1988. 
& From this Figure it can be seen 
= that the activity of Sq-field has 
<t maximun in Equinox and is pre- 

10 


vil IX X XI Xi tT Wo WV VOW OW OW OX X xX OXI dominate in Spring than in Au- 
1932 1933 tumn. As far as these results con- 


cern, about the latter fact we can not determine whether it is regular or temporal. 


Masaziro OTA 
Geophysical Institute, 


Kyoto University. 


The Meeting of the Society of Terrestrial Electrity and Magnetism. 


The 5th General Mecting. Held at the Nagoya University on May 9-11, 1949, 
50 Reports were read ; 70 Members assembled. 

Tha 6th General Meeting. Held at the Tokyo University on Oct. 25-28, 1949. 
70. Reports were read, 150 Members assembled, 


The Tanakadate-prize were awarded for the following excellent works. 


The 3rd. The Laboratory of Cosmic Ray, Nagoya University; The Geoelectrical 
and Geomagnetical Studies for Cosmic Ray. 

The 4th. Mr. I. Tsubokawa: The G. 8. B. Type Magnetometer. 

The 5th. Mr. T, Kuboki: On the ii agg he 2 of a Magnetic Vario- 
meter using a Magnetic Shunt Alloy. 
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